Background: Health disparities between populations with different socioeconomic status (SES) are increasing. Although a wide variety of support service organizations and arrangements are in place, no general overview of this social network, its reach, and harmonization of services surrounding low-SES populations are available. The present participatory health research study examined the current network structure and the utility of using social network analysis (SNA) as a tool to improve service delivery structures.
Introduction
Attempts to identify and reduce health disparities among populations with different socioeconomic status (SES) have been in place for many years. [1] [2] [3] After the start of the economic crisis in 2008, the absolute numbers of people living in poverty increased, widening the gap between low-SES and middle-to high-SES populations. 4 The impact has become visible especially in the United States, but also in European countries like the Netherlands. [5] [6] [7] The low-SES population is characterized by the multiple problems they experience in the areas of finance, education, labour and/or health. 3, 8 Socially embedded problems lead to persistent socioeconomic health inequalities causing various negative effects on the lives of individuals. 9, 10 . Firstly, low-SES populations often experience the effects of economic disparities, leading to poverty situations, to which they have to devote a lot of their cognitive energy. This leads to higher stress levels and a tunnel vision focused on their financial difficulties. 11 Secondly, the lower level of wealth due to a lower income has been associated with a poorer health status, including higher mortality and disability rates [12] [13] [14] and unhealthy behaviours, like tobacco use, physical inactivity and poor nutrition. 15 Thirdly, social disadvantages occur more frequently among low-SES populations, since people with a low-SES have been found to participate less in society and experience less social cohesion and support from people in their environment. 16 In fact, these issues seem to be intergenerational, because children who grow up in poverty are likely to stay impoverished as adults. 17 Research showed that childhood poverty caused significantly more psychological distress, antisocial behaviour, chronic physiological stress and short-term memory deficits later in life. 17 Early interventions to provide support to low-SES families with children are becoming more important. 3, 17 Many formal and informal support services, aimed at various domains such as physical health, mental health and participation, are working to enhance the situation of these people, and various financial and other arrangements are present to improve their chances to participate in society. 18 However, a clear overview of the support system surrounding low-SES populations is often lacking. This makes it difficult for low-SES people to find out how to make use of the different arrangements and support services in place. 19 At the same time, professionals struggle to make optimal use of synergy and referral to relevant care, since some information is lacking about all the existing arrangements and organizations that they could refer to. 19 Another difficulty is that low-SES individuals tend not to express their low-SES to others, to prevent being stigmatized. They are socalled hidden populations, difficult to reach by professionals. 20 To ensure that low-SES populations can be reached and can
Significance for public health
Although intervention programs to decrease health disparities between populations with different socioeconomic status (SES) are in place, low-SES individuals seem to experience barriers to participate. The daily issues they face related to being poor devote most of their mental energy, leaving no cognitive attention to any other health promoting goals to act upon. To enable these populations to improve their health, professionals should support them individually and help them in making optimal use of the available services to improve their situation. By fulfilling their basic needs, opportunities arise to enhance their health status. Currently professionals struggle to make optimal use of synergy and referral to relevant care, being unable to fulfil the basic needs of low-SES populations. This study gained more insight in the current network among low-SES families by using social network analysis, where this analysis was used as a tool to improve service delivery structures. make optimal use of the available support opportunities, it is important that local and regional professionals get to know each other, so as to be able to optimize referrals to each other and to contact each other about integration of different support services. 18, 20 Integrated tailored support plans are needed for each household to support them effectively, while taking account of the families' self-resilience. 21 In practice, this requires that professionals coordinate their actions more to provide individually tailored services and to enhance the involvement of low-SES populations in their support plans. 21, 22 Social network analysis (SNA) can be used as a tool to structure and visualize the relationships between organizations supporting low-SES populations, in order to evaluate the current network strength. 23,24 SNA can conceptualize which professional organizations occupy a relatively central position within the support structures and can play a useful role in improving the network quality. 25, 26 This study examined the current network structure for service delivery to low-SES populations in the municipality of Vaals, the Netherlands. By involving the various stakeholders throughout the research process − from the processes of data collection to interpretation and dissemination − our participatory health research approach aimed to connect research with professional practice to help low-SES individuals. We identified potential members of the network by consulting the municipal authorities and the organizations involved. Subsequently, social network data were gathered among all potential stakeholders. Stakeholders who were in a relatively central position in the network took part in individual interviews to reflect on the results of the SNA and to identify opportunities to strengthen service delivery structures in the near future. As such, we studied the value of using network analysis as a tool to improve service delivery structures.
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Design and methods
Study design
This mixed-methods study can be divided in three different phases. In phase 1 a social network analysis was used, with an online-questionnaire, to identify all the relationships among organizations that are supposed to provide services to low-SES individuals in the municipality of Vaals. The questions focused on their personal contacts with low-SES individuals and the organizations to which they referred them. After finishing phase 1, phase 2 started where we used a qualitative action research design with semistructured interviews to gain in-depth information about the current structure of the network organizations with regard to the support processes for low-SES populations. In addition, the diagram showing the network was discussed during the same interview, to explore the value of using network analysis as a discussion tool. We selected the most central organizations in the network, developed in phase 1, for the interviews. After the individual interviews, phase 3 started where we organized a networking session for professionals employed by the organizations that received the onlinequestionnaire to explain the overall findings, found in phase 1 and 2, and to decide on a future strategy to strengthen the network.
Study setting
This study was carried out in the municipality of Vaals in the period from April 2017 to November 2017. This municipality is located in the southernmost part of the Netherlands, near the borders with Germany and Belgium, and can be characterized as moderate-to low-SES. 27 One in seven families with children under the age of 18 living at home (N=150 households) in Vaals are living below the poverty line, which is about twice as many as the mean in the Netherlands. 28 Moreover, residents have a poorer health status, a shorter life expectancy, more mental health issues, a less healthy lifestyle and more chronic diseases than the average population of the Netherlands. 27
Recruitment and study participants
In April 2017, we compiled a list of 153 organizations assumed to have contacts with or support low-SES populations. This was done together with employees of the municipal authorities of Vaals, as the records of the social and health department already had a list of all organizations working in Vaals. On March 15, all of these organizations received an email explaining the purpose of the social network analysis. Subsequently, after being informed that the information was to be treated confidentially, the organizations that agreed to participate were included in the study, and the key employee of each organization, i.e. the one who knew most about current structures, was asked to fill in the questionnaire. The network analysis was carried out at the level of organizations (phase1). In October 2017, 17 key employees of the most central organizations in the network were approached for an individual interview, based on the results of the network analysis (phase 2). Finally, on November 21 a networking session was organized for key employees of all organizations that had participated in the network analysis (phase 3).
Data collection procedure
Emails with a link to the online questionnaire were sent to all organizations included in the list on March 15. Organizations that did not respond to this first email were reminded on March 22 and if they still did not respond, they were contacted by telephone in the period from March 29 till June 9. Based on the information gathered during the network analysis, semi-structured individual interviews were scheduled in October 2017 to gain in-depth information about the current service delivery structure for low-SES populations and to discover some recommendations to enhance the network structure in the future. Finally, in November 2017, a networking session was organized for all professionals employed by the organizations that participated in the network analysis, at which we prioritized the improvement mentioned as necessary during the interviews to enhance the quality of the network. In addition, the professionals were asked to select the main domain(s) their organization focused on, within the six domains of the concept of positive health, i.e. mental health, physical health, quality of life, giving meaning to life, participation and daily functioning. 29 The aim was to provide the professionals with better insights into the functional domains of other organizations, which might give them ideas to strengthen the current network and set priorities.
Data instruments and measures
The network analysis used an online questionnaire, with three main questions. First, participants were asked if they had any contacts with people who were facing financial difficulties during the last month. Secondly, if their answer was affirmative, they were asked to state the total number of people with financial difficulties they had seen in the last month and how many of these were children or parents of children under the age of 18. Finally, if they had reported contacts with more than one person, they were asked to mention the organizations they had referred these people to. They were able to choose an unlimited number of organizations from our predefined list of organizations, and they had the possibility to add further organizations. The results were used to visualize the links between the organizations in a diagram with nodes depicting the organizations and ties showing the connections between them. The measures used for the data analysis were defined at network level and at organization level and can be found in Table 1 . 30 The qualitative action research consisted of semi-structured interviews based on two main questions: 'How do you perceive the connections between professionals with regard to the service delivery for low-SES populations living in Vaals?' and 'How can we strengthen the connections within the network to enhance these support opportunities for low-SES populations?'. Halfway through the interview, the network that resulted from the SNA was shown and the questions about perceived connections between professional organizations and opportunities to strengthen the network were repeated to find out if the diagram had provided them with additional information. Finally, the results of the network analysis and interviews were presented during the networking session, and the professionals were asked to categorize themselves into the six domains of positive health defined by Huber. 29 This helped the professionals get to know others working in the same domain and within other domains, ending in a discussion of the most important future strategy to strengthen the network.
Data processing and analysis
The results of the online questionnaire were entered into an Excel table, with 1 indicating a connection with an organization and 0 indicating that no connection was reported. This data file was imported in the UCINET 6 software package. 31 Network level and organizational level network measures were calculated. To calculate the centrality measures the ties were undirected and the network was symmetrized using the maximum method. For the other measures, directed ties were used. The NetDraw 2.159 software was used to visualize the network. 31 All organizations were categorized into 7 different types: municipal support organizations, e.g. the volunteer centre or the local intermediary who supports people in becoming socially and physically active; healthcare organizations e.g. general practices or mental health care, social support organizations, e.g. participation work organizations or the municipal credit bank; sports clubs, e.g. football or ballet clubs; recreational organizations, e.g. choirs or the library; educational organizations, e.g. schools or child day-care centres; and housing organizations, e.g. the housing corporation. In the visualization, the size of each node represented the scores on the degree of centrality.
In the qualitative action research, the individual interviews were recorded and transcribed verbatim. These transcripts were analysed in Excel. The analysis started with open coding in order to name and categorize elements in the interviewees' answers in terms of the predefined interview questions. These codes were used to discover similarities and differences between the interviewees' answers and eventually provided an overview of the perceived connections, which were used as input for the discussion about opportunities to strengthen the network in the networking session. During the networking session, notes were taken by the researcher, which were analysed to define potential consensus among stakeholders and priorities for strengthening the network.
Results
Phase 1: Network analysis
Background information on organizations in the quantitative network analysis
Of all 153 organizations that received the questionnaire, 95 (62%) participated actively in the SNA. Of the 58 non-responding organizations (38%), 7 were mentioned by the responders as important partners to support the target group, which meant that at least some information was available about a total of 102 organizations. Most organizations were healthcare-oriented (n=33; 61.3%), including general practices, physiotherapy practices and psychologists' practices. This was followed by recreational associations (n=27; 66%), sports clubs (n=21; 63.6%), and social service organizations (n=12; 70.5%). Only a few housing corporations (n=2; 100%), educational organizations (n=4; 80%) and municipal support organizations (n=3; 100%) participated in the study, which 
Measure Description Network level*
Degree of centralization The extent to which ties within a network focus on one node or multiple nodes. Density
The number of the actual ties divided by the possible number of ties.
Average degree
The mean number of ties of each of the nodes in the network.
Components
The maximum number of actors able to reach each other directly or indirectly (each isolate, actor without a connection, is also considered to be a single component).
Component ratio
The number of components relative to the total number of nodes in the network.
Fragmentation & Connectedness
The proportion of node pairs that are unreachable, while connectedness equals 1 -fragmentation.
Dyad census
The number of node pairs having mutual, asymmetric or null ties. Reciprocity
The proportion of mutual ties relative to all ties.
Organizational level
Raw in-degree
The degree of connections to other organizations in the network, also defined as the popularity of the node. Raw out-degree
The activity of the node in the network and thus the number of connections going out from the organization. Degree centrality
The interactions of one node with other nodes.
Betweenness centrality
How often is a node on the shortest path between two other nodes. Average reciprocal distance Direct or indirect reachability of other nodes while taking into account the distances. Eigenvector centrality How close is a node to other nodes scoring high on centrality.
were relatively small groups. Most of the organizations were founded between the year 2000 and 2015 (58%), while 36% of them had started their work before the year 2000 and 6% had started working in Vaals in 2016. Of all participating organizations, almost 60% indicated that they had contacts with low-SES populations. Half of these organizations (N=28) mentioned being aware of and referring to other organizations in Vaals to reach and support the target group.
Network measures for the complete network
An overview of the network measures for the complete network can be found in Table 1 . All included network measures indicated that the network had a weak structure. Organizations connected on average with fewer than one other organization within the network (average degree = 0.627). The weak network structure is also indicated by the high component ratio and high number of isolates in the network (N=125). The network is highly fragmented and ties that exist are not reciprocal (Number of mutual ties = 0).
Network measures for each organization
An overview of the network measures for each organization can be found in Table 3 . The 28 organizations with connections were ranked, from high to low, based on degree centrality. The other organizations can be defined as isolates that have no connections with other organizations in the network regarding the service delivery for low-SES citizens. Based on the in-degree and outdegree and the four centrality measures, especially healthcare, social support, and municipal support organizations, were most active within this network. Of all these types of organizations, the municipal support organizations and the housing organizations had no isolates, but they were also the smallest subgroups, with 3 organizations and 1 organization, respectively. Sports clubs had the highest percentage of isolates with 97% (N=32), followed by recreational organizations with 96% (N=48), educational organizations with 80% (N=4), healthcare organizations with 77% (N=34) and social support organizations with 41% (N=7). Figure 1 provides a visual overview of all independent organizations within the network. Figure 2 provides a visual overview of the connections between the different types of organizations within the network.
Phase 2: Qualitative interviews using network analysis results to improve service delivery structures
Organizations participating in the qualitative interviews
The qualitative interviews involved key employees representing the 17 most central organizations in the network. The following organizations were included: 3 municipal support organizations (local intermediary, sports coach, volunteer work), 1 recreational organization (library), 3 healthcare organizations (general practice, consultation office, mental health service), 5 social support organizations (municipal youth work, municipal social work, general social work, participation work organizations, municipal credit bank), 1 housing organization (housing corporation) and 4 educational organizations (child daycare, kindergarten, two primary schools). Of the interviewed professionals, 3 had already been employed before the year 2000, 12 had started working for the municipal authorities between 2000 and 2015, and 2 had started in the year 2017.
The impact of network analysis as a professional conversation tool
The use of the diagram (Figure 1 gram provided them with a good overview of the current structure and organizations within the network. Most of them provided more information about the frequency and quality of their connections with other organizations after being presented with the network diagram. Nine interviewees mentioned that visualizing and explaining the network and conducting these participatory interviews would strengthen the network in the future, since they now saw opportunities to work together with other network organizations and felt encouraged to do so.
'I think this feedback is very important for us. When you actually see the network, you start to think differently about things. It makes you see which other parties you might talk to. Even this discussion brings us professionals closer together.'
Connections between professional organizations
Of the 17 interviewed professionals, 12 stated they appreciated the connection with other organizations. Two to three organizations were typically mentioned as close partners, and these organizations mostly worked in the same domain, e.g. healthcare or social support. After seeing the diagram, about half of the professionals said that their approach should become more multidisciplinary. All interviewees mentioned that the connections between organizations could be enhanced and described the current network as under construction, part of a search process, starting up, fragmented and missing the connection with central organizations.
'On the whole, we collaborate closely with about three organizations, but that indicates there is still room for improvement. Well … what you can see in this network is that each of us is working on the basis of their own vision and expertise. Things like "how can I solve this particular problem for this particular family?" But we also know that poverty is not the only problem involved, and that forces us to contact each other and try to collaborate.'
Opportunities to strengthen the network
The opinions and ideas of the interviewed professionals were explored, leading to six main themes. The theme that all interviewees agreed with was the need for an overview, which helps professionals to get to know each other and informs them about the support questions for which an organization can be contacted. Ten professionals also indicated the need for an intermediary person who adopts a managing role, who is aware of all the organizations in the network and serves as a general contact officer for all pro- fessionals involved in the support of low-SES persons. Nine participants mentioned that greater awareness of the current low-SES issues was needed among professionals, especially concerning the links between different domains. Eight interviewees stated that more support was especially needed to ensure that issues are identified at an early stage, and three organizations actually wanted support to enable them to pick up signals when these low-SES citizens experienced problems. Finally, five organizations, mostly social support organizations, also specified that more capacity was needed.
' 
Phase 3: Networking session
A total of 35 professionals, who had also participated in the SNA, attended the networking session. Attendants were asked to choose the dimension they mostly worked in. The majority of the professionals opted for the 'participation' domain. They mentioned that they only knew one or two of the professionals who had opted for the same dimension, while the others were new to them. The same happened among the participants within the other domains.
Following a plenary presentation of Figure 1 , the participants were asked how they would like to improve the strength of the network. As a first step, all of them agreed that there should be a central information location offering an overview of all organizations, probably online. The importance of an up-to-date database was noted, including all organizations, with a brief explanation of their activities and of the support questions for which they could be contacted.
Discussion and Conclusions
Low-SES populations are often hidden in society. The current study examined the value of using network analysis as a tool to improve the reach of low SES populations and in harmonizing and enhancing their service delivery.
Although the issue of socioeconomic health problems among low-SES populations is receiving a lot of professional attention, our research showed that the service delivery structures and the ability to reach low-SES people still needs improvement. 3, 7, 32 The SNA showed that low-SES people were seen by at least 50 different professional organizations within a relatively small municipality, implying that there are many organizations which are in touch with these citizens, but in a highly fragmented manner. One important precondition for integrated approaches to reduce socioeconomic health inequalities is that professionals connect with organizations from other domains. Low-SES populations often have multiple issues, e.g. physical health, mental health and lack of participation, which means that well-coordinated, multidisciplinary support is needed. 33 Yet only 18% of the professional organizations in our study indicated that they were in contact with other organizations, while merely five organizations (3%) both reached and referred low-SES citizens. This implied a weak network structure, with many isolated organizations and a low score for connectedness. When organizations did connect, it was mostly with organizations working in the same domain. It is unlikely that this network structure is able to deliver an integrated and comprehensive care package to low-SES individuals. 18 After completing the SNA, we held interviews with 17 key employees of central organizations to assess how professionals perceived the connections and what options they saw to improve the current network structure. Most professionals indicated that connections with other domains were difficult or that they had not even considered this before. It was interesting to observe that the professionals started explaining more about the quality of their network and connections with organizations after the network had been visualized for them. New insights emerged after they realized how wide the network was. Most of the professionals seemed to alter their mind-set, opening up to a broader picture of their field of work in order to tackle the multiple problems of low-SES populations. As a result, they said they would now be more open to finding connections with organizations within their own health domain as well as outside the health domain to find connections related to the social determinants of health inequalities, such as finance, education and labour. More than half of the interviewees mentioned that visualizing and discussing the network had given them new ideas for future connections with other organizations. This is likely to improve the quality of the service delivery network for low-SES populations. Finally, the interviews were followed up by a joint networking session with all relevant stakeholders. The aim was to put good intentions into practice, which was facilitated by the professionals meeting each other in person. During the networking session, the attendees were struck by the fact that they knew so few of the other professionals working in care delivery services for low-SES populations, even those who were working in their own domain. Most organizations saw participation as an important dimension of their work, but mostly from their point of view, without including other organizations. Eventually, all professionals who participated in the interviews and the networking session agreed that the network should be strengthened, and that the first step should be to improve their understanding of each other. They concluded that all organizations should be mapped in a central up-to-date database, each with a brief explanation of their activities to support low-SES populations. 34
Strengths and limitations
A strength of this network study was the participatory nature of the research, including the cooperation of the municipal authorities of Vaals and organizations working in Vaals. The response rate of the different types of organizations was good. It seems that although the response was self-selected by the organizations, participation occurred proportionally in all organizational types. All organizations of the housing and municipal support type participated in the research, which were relatively small groups. Only one educational organization did not respond (response 80%). For the other types of organizations, mostly containing a larger number of organizations, about 5 to 17 organizations did not participate, indicating a response of at least 60% for each organizational type in the SNA. Furthermore, the willingness of the most central organizations to participate in the interviews in phase 2 was helpful in providing an accurate overview of the current network structure and possibilities for improvement, leading to a high level of data saturation since the final interviews no longer provided new information. 35 Difficulties regarding service delivery for low-SES populations due to weak network structures are a common phenomenon, which makes these results useful for other regions as well.
In addition, some limitations should be acknowledged. First, not all organizations filled in the questionnaire. These organizations were included in the analyses as missing. In practice, the network might thus be somewhat stronger than the current analysis indicated. However, all participating organizations were asked to indicate their connections with other organizations. This meant that data on non-participating organizations could still be obtained indirectly, making the network more accurate. The use of an online questionnaire and interviews might have caused some incorrect answers due to information bias, since professionals could both overestimate their connections or forget some organizations. 36, 37 Recommendations for future research and practice
The current network structure among professionals supporting low-SES populations in the municipality of Vaals, the Netherlands, could be defined as weak. Visualizing and discussing the network with the professionals was found to be useful in obtaining greater insights into the perceived quality of mutual connections and identifying opportunities to strengthen the network. A major problem that was acknowledged by all professionals was the lack of a clear overview of all support services and arrangements that were available. In future practice, greater emphasis should be placed on developing a central up-to-date database, with a brief explanation of the main activities or domains by which each organization supports low-SES individuals, in order to inform other organizations what referral options they have. In addition, an intermediary person or an organization acting as network administrator, who would be responsible for managing this system, would be helpful to strengthen the current structure. 38 The municipal authorities of Vaals have already indicated that they wanted to address these points for improvement in the near future.
The use of SNA as a tool to gain more in-depth insights and richer information regarding the relations within a network proved to be feasible and useful, and we recommend its use in future research. The processes occurring in the network in the municipality of Vaals will also be followed up in continued participatory research, to enable us to define the effects of the actions taken by the municipal authorities to improve the connections between organizations supporting low-SES populations. 39, 40 
